Osteoporosis is a chronic, systemic skeletal disorder characterised by decreased bone density. It leads to an increased risk of bone fractures -one of the major causes of disability in modern societies. Bisphosphonates are the most commonly used medications in the treatment of postmenopausal osteoporosis. Denosumab, a new approach to fracture prevention, is a fully human monoclonal antibody that targets nuclear factor-κB ligand (RANKL), an important cytokine regulating formation and function of osteoclasts. Generally, denosumab is not used as initial therapy; however, in some cases it should be considered. It concerns patients at high risk of fracture, such as older patients who have difficulty with the dosing requirements of oral bisphosphonates or who have markedly impaired renal function. Denosumab can be also considered in patients who present intolerance or unresponsiveness to other therapies. Clinical studies have shown that denosumab is highly effective in increasing bone mineral density (BMD) in postmenopausal women regardless of the site analysed, as well as reducing the risk of bone fractures. The risk of developing antiresorptive, agent-induced osteonecrosis of the jaw related to denosumab therapy is low.
Introduction
Osteoporosis is a chronic, systemic skeletal disorder characterised by decreased bone density [1] [2] [3] . Diagnosis of osteoporosis, according to World Health Organisation guidelines, is bone mineral density (BMD) T-score equal to or lower than -2.5 [4] . Osteoporosis leads to an increased risk of bone fractures -one of the major causes of disability in modern societies [1, 2] . In the year 2000 about 9 million of new bone fractures related to osteoporosis occurred worldwide [2] . The treatment of osteoporosis consists of the use of medications that prevent and reverse bone density loss.
The most commonly used medications in the treatment of postmenopausal osteoporosis are bisphosphonates [5] [6] [7] . Bisphosphonates decrease bone turnover by binding to mineralised surface of bone tissue and decreasing the resorbing activity of osteoclasts. This leads to an increase in bone mineral density and lowers the risk of fracture [8] [9] [10] [11] [12] [13] [14] [15] [16] . However, the dosing regimens of bisphosphonates are complicated, side effect numerous, and some of them are potentially difficult to treat (osteonecrosis of the jaw) [17] . This leads to poor adherence to therapy, increases costs therapy, and creates the need for new medications [18, 19] . 
Denosumab: general data
Denosumab, a new approach to fracture prevention, is a fully human monoclonal antibody that targets nuclear factor-κB ligand (RANKL), an important cytokine regulating formation and function of osteoclasts [3, [20] [21] [22] [23] . By binding to RANKL, denosumab prevents its interaction with the receptor RANK located on surfaces of osteoclasts and their precursors. Denosumab affects osteoclasts at an earlier stage of their life than bisphosphonates, inactivating them before they adhere to the bone tissue [20] [21] [22] [23] [24] . This mechanism inhibits bone resorption [25] . Denosumab is injected subcutaneously (60 mg) every 6 months [26] .
Denosumab: for whom is this therapy?
The decision about osteoporosis treatment should be individualised. Initial therapy is referred to lifestyle changes and oral bisphosphonates. Generally, denosumab is not used as initial therapy however in some cases it should be considered. It concerns patients at high risk of fracture, such as older patients who have difficulty with the dosing requirements of oral bisphosphonates or who have markedly impaired renal function [27] . Denosumab can be also considered in patients who present intolerance or unresponsiveness to other therapies [28] . This drug should not be used in premenopausal women and children. Numerous data suggest that postmenopausal women report greater satisfaction with denosumab, both overall and with its dosing frequency and route of administration and they would choose denosumab over bisphosphonates for long-term treatment [29] . At present it is important to personalise osteoporosis treatment taking patient preference into account, especially in regards to frequency and route of administration.
Denosumab: results of clinical trials

Denosumab and the risk of fractures
In the FREEDOM study (Fracture Reduction Evaluation of Denosumab in Osteoporosis Every 6 Months) [30] 7808 postmenopausal women (between the ages of 60 and 90 years, T-score of less than -2.5 but not less than -4.0 at the lumbar spine or total hip) were randomised to receive denosumab (60 mg subcutaneous injections) or placebo every 6 months for 3 years. Denosumab reduced the risk of new radiographic vertebral fracture by 68% in comparison with placebo (cumulative incidence of 2.3% in the denosumab group, vs. 7.2% in the placebo group; risk ratio 0.32; 95% CI: 0.26-0.41; p < 0.001). It also decreased the risk of hip fracture (a relative decrease of 40%) and nonvertebral fracture (a relative decrease of 40%). In women previously diagnosed with osteoporosis, subcutaneous denosumab injections (60 mg every 6 months for 36 months) resulted in reduction of risk of vertebral, nonvertebral, and hip fractures.
The patients who completed the 3 year FREEDOM study could enter the 7-year FREEDOM Extension Study [31] . In this study all subjects received denosumab, because placebo group was not continued for ethical reasons. In the FREEDOM Extension study a total of 4550 patients were registered. In the long term group 2343 subjects received denosumab for up to 8 years, and in the cross-over group 2207 subjects received denosumab for up to 5 years. In both groups, mean BMD values increased significantly. Cumulative 8-year gains in the long term group were 18.4% at the lumbar spine and 8.3% at the total hip. Cumulative 5-year gains in the cross-over group were 13.1% at the lumbar spine and 6.2% at the total hip. There were 2 events of atypical femoral fracture and 8 events of osteonecrosis of the jaw confirmed through year five.
Denosumab comparison with bisphosphonates
In the DECIDE study (The Determining Efficacy: Comparison of Initiating Denosumab versus Alendronate) denosumab was compared in a randomised double-blind prospective study with alendronate in 1189 postmenopausal women with low bone density (T-Score equal to or lower than -2.0) [32] . Denosumab 60 mg was injected subcutaneously every 6 months and alendronate was given orally 70 mg every week. At the total hip, denosumab resulted in a statistically greater increase in bone mineral density in comparison with alendronate (3.5% vs. 2.6%, p < 0.0001). The greater increases in bone mineral density with subcutaneous denosumab were also found at all skeletal sites analyzed. Adverse effects and laboratory findings were similar for groups treated with alendronate and denosumab. The safety profile of both treatments was similar.
In the STAND study (Study of Transitioning from Alendronate to Denosumab) [33] a total of 504 postmenopausal women previously treated with alendronate for at least 6 months (median 36 months) were randomised in a double-blind prospective study to receive subcutaneous denosumab injections 60 mg once every 6months or to continue receiving oral alendronate 70 mg every week. In patients transitioning to denosumab, total hip bone mineral density increased significantly compared to patients continuing receiving alendronate (1.90% vs. 1.05%; p < 0.0001). The values of bone mineral density increased more significantly with subcutaneous denosumab compared with oral alendronate at 12 months at the lumbar spine, femoral neck, and 1/3 radius (all p < 0.0125). The safety profile of both groups was similar. The authors concluded that transition from alendronate to denosumab resulted in greater bone mineral density increases regardless of the site measured and a greater reduction in bone turnover.
Recknor et al. compared 60 mg of denosumab given subcutaneously every 6 months (417 postmenopausal women) with 150 mg of oral ibandronate given every month (416 postmenopausal women) for 12 months [34] . In the group receiving denosumab bone mineral density was significantly higher than in the group receiving ibandronate at the level of total hip (2.3% vs. 1.1%), femoral neck (1.7% vs. 0.7%), and lumbar spine (4.1% vs. 2.0%; treatment difference 0.001 at all sites). The adverse event rates were similar in both groups: 59.6% in denosumab-treated subjects and 56.1% in ibandronate-treated subjects. Serious adverse event rate was 9.5% for the denosumab group and 5.4% for the ibandronate group. The authors concluded that denosumab injected every 6 months resulted in greater bone mineral density gains than ibandronate at all measured sites in postmenopausal women.
Roux et al. compared subcutaneous injections of denosumab (60 mg) every 6 months with oral risedronate (150 mg) every month for 1 year in a randomised study conducted in 870 postmenopausal women who had previously been prescribed alendronate therapy, but their adherence to treatment was suboptimal or they had stopped taking alendronate [35] . Denosumab injections significantly increased bone mineral density in comparison with risedronate at the total hip (2.0% vs. 0.5%), lumbar spine (3.4% vs. 1.1%) and femoral neck (1.4% vs. 0%; p < 0.0001 at all sites). Adverse events, both overall and serious, were similar regardless of the group analysed. The authors concluded that in postmenopausal women with suboptimal adherence to therapy with alendronate, subcutaneous denosumab was more effective than oral risedronate in improving bone mineral density values.
Antiresorptive agent-induced osteonecrosis of the jaw
In 2010 Aghaloo et al. described a case of osteonecrosis of the jaw in a patient who received injections of denosumab [36] . Moreover, not only bisphosphonates and denosumab, but also other bone modulating and anti-angiogenic agents and, e.g. cathepsin K inhibitors, tyrosine kinase inhibitors, and bevacizumab possess suspected or proven potential to trigger the ONJ development [37] . Because of this, American Dental Association (ADA) proposed the term "antiresorptive agent-induced osteonecrosis of the jaw" for all cases of related to use of antiresorptive agents [38] . Extended drug use increases the risk of developing osteonecrosis of the jaw. Nevertheless, it appears to be low in a patient who does not have cancer. In a large sample of patients with oral bisphosphonate exposure its highest prevalence was estimated to be about 0.1% [39] . In the FREEDOM Extension study the risk of osteonecrosis of the jaw in patients exposed to denosumab was 4.2 per 10,000 subject-years (0.042%) [38] . According to American Dental Association (ADA) an optimal approach for lowering the risk of developing this condition may be an oral health program consisting of sound oral hygiene practices and regular dental care [38] .
Conclusions
Low bone mineral density (BMD) is a pharmacologically modifiable risk factor for bone fracture in postmenopausal women [40] . Data acquired clinical studies showed that denosumab is highly effective in increasing bone mineral density (BMD) in postmenopausal women regardless of the site analysed as well as reducing the risk of bone fractures. Denosumab compared to different bisphosphonates (alendronate, ibandronate, risedronate) was more efficient in increasing BMD. Unlike other antiresorptive agents [40, 41] , denosumab induced BMD gain does not reach plateau after 2 to 4 years of treatment [42] . Dosing regimen of denosumab is uncomplicated and adverse events rate not higher than other antiresorptive agents. About 50% of patients stop taking prescribed osteoporosis medication during the first year of therapy and therefore may benefit from switching to a different medication [43, 44] . The risk of bone fractures is higher in patients who do not adhere optimally to the prescribed osteoporosis pharmacotherapy [19, [45] [46] [47] . Optimal adherence to the therapy can be ensured for 6 months by subcutaneous injections of denosumab given twice a year. The risk of developing antiresorptive agent-induced osteonecrosis of the jaw related to denosumab therapy is low. The risk can be reduced by oral examination before treatment, as well as proper hygiene practices and further routine dental examinations.
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